INTRODUCTION {#S1}
============

Tobacco is a commercial product obtained from dried and processed yellow-brown leaves collected from Nicotiana tobacum, the plant that is widely cultivated and grown in many countries around the world. According to data reported from the World Health organization (WHO), there is about 2.4 billion people worldwide that have consumed tobacco in the forms of smoking, chewing, snuffing or dipping. WHO also estimates that tobacco-related deaths will amount to 6.4 million in 2015, 8.3 million in 2030 and one billion deaths during the 21st century.^[@R1]-[@R3]^

Water-pipe (WP) is a classical device used for tobacco smoking attached with water bowl. The WP usage has a history about 400 years with the different names like as a shisha, narghile, hookah chillum and arghile.^[@R4],\ [@R5]^ WP is often linked with social activity where two or more people may share the same pipe. In some cultures, children may smoke with their parents. It is estimated that approximately 100 million people use WP smoke throughout the world.^[@R6]^ Due to the lack of awareness, there is a viewpoint in different cultures that WP is less dangerous than cigarette, so its prevalence is increasing, particularly among adolescent and young adults.^[@R7]^ This increasing trend can be attributed to the popular beliefs that the smoke is "filtered" by the water where harmful effect is believed to be reduced by the so-called "filtering" process.^[@R8],\ [@R9]^ However the research findings highlight that WP smoking carries similar or higher risks than other forms of tobacco exposure. The research studies also indicate that WP has led to increase the risk of infectious diseases,^[@R10]^ cardiovascular disease,^[@R11]^ pulmonary illness,^[@R12]^ cancers^[@R13]-[@R15]^ and low fetal birth weight in pregnant women.^[@R16]^ The hematologic index alterations are used as physiological markers of organ and tissue damage. Therefore, the various pharmacological actions of nicotine and other materials led to change the status of hematologic and hemostatic parameters.

However, there are few studies on the effect of WP smoking on hematological parameters in both human and animals. This study aimed to investigate the effect of WP smoking on hematological parameters such as red blood cells (RBCs), hemoglobin (Hb), hematocrit (Hct), white blood cells (WBCs) and platelet counts in Wistar rats between four and twelve weeks of exposure.

MATERIALS AND METHODS {#S2}
=====================

We studied 35 young male Wistar rats weighing between 200 and 250g. They were all obtained from the animal care unit of Zahedan University of Medical Sciences, Iran. All procedures involving the animals were performed in accordance with the regulations defined by guides and protocols approved by Ethics Committee of the Deputy of Research in Zahedan University of Medical Sciences. Before and during the experiment, all animals were maintained on the standard feeding and were allowed to access to tap water and libitum throughout the period of experiment. The experimental environmental was maintained at a temperature range of 21±2°C and animals were kept under a schedule of 12-h light/dark cycle. They were held in polypropylene cages in small groups of 1 or 2 rats per cage during the study. The animals were then randomly divided into five groups, each consisting of seven rats. Group A (control group) was exposed to room air. Groups B (sub-acute), C (sub-chronic) and D (chronic) were exposed to WP smoking for 4, 8 and 12 weeks, respectively. Group E was similarly exposed to WP smoking for 12 weeks and was held in control situation for 30 days.

Rats of experimental groups were put in an isolated box during daily test in a corner of the experimental room and after being exposed to WP smoking, the rats were returned to their own cages. To do this,a special apparatus was designed to have the ability to keep the rats for 40 minutes in a situation very similar to WP smoking by human.It had a vacuum suction for condensation of the smoke, a glass box in a cube shape (aquarium shape) with the size of 60 × 100 × 200 cm for keeping the animals and a hood over the aquarium-shaped box to evacuate the extra smoke from the environment. A speed-control ventilator was connected to the air outflow of the smoke chamber for controlling the inner air velocity. The speed of air exchange was determined before the experiment so that a high enough smoke concentration within the smoke box was always guaranteed. The animals were placed in the box and exposed to hookah smoking (10gr) for 10 minutes. The procedure was repeated 4 times daily with adequate time interval (10 min).

At the end of each experimental period, the animals were sacrificed by ether inhalation method. The blood samples were then collected, using a 5-ml syringe attached to a needle (21 SWG) via cardiac puncture into EDTA-contained tubes.

All samples were analyze within 24 hours and in that time were kept in refrigerator at 4° C. Complete blood counts (CBC) were determined using the automated cell counter (Sysmex K1000, Supplied by Sysmex Corporation, Japan) at Ali-Asghar Hospital affiliated to Zahedan University of Medical Sciences. The complete blood count included WBCs, RBCs, platelets, Hct and Hb. All statistical analyses were performed using SPSS version 11.0. The data were expressed as the mean + SD, statistical significant was determined using ANOVA Test followed by post-hoc test for parametric values. A P-value less than 0.05 was considered statistically significant.

RESULTS {#S3}
=======

The results indicated that RBC count in sub-chronic and chronic, amount of Hb in sub-acute, sub-chronic and Hct in sub-acute, sub-chronic and chronic were significantly higher in WP smoking rats in the control group (P\< 0.001).Details are shown in [Table 1](#T1){ref-type="table"} and [Figures 1](#F1){ref-type="fig"} -[3](#F3){ref-type="fig"}. We found that WBC counts insignificantly increased (P \< 0.39) and Plt counts insignificantly decreased (P \< 0.13) in WP smoking rats compared with control group ([Table 1](#T1){ref-type="table"} and [Figures 4](#F4){ref-type="fig"}-[5](#F5){ref-type="fig"}).

DISCUSSION {#S4}
==========

Since cigarette smoking causes several health problems in people, the findings clearly show that WP smoking has severe adverse effects on hematological parameters (e.g. Hb, Hct, WBC, RBC, Plt count) among rat models.

Results indicated that WP smoking led to increasing WBC count compared to control group. Kurtoglu reported that the mean leukocyte counts were significantly greater in smokers compared to nonsmokers.^[@R17]^ Friedman observed that WBC counts in smokers were about 20-25% higher than non-smokers and also they increased with intensity of smoking.^[@R18]^ Watanabe found that not only WBC counts but also tumour necrosis factor (TNF) system activities increased in current smokers than non-smokers. Light smoking associated with WBC counts, while heavy smoking related to TNF system activities.^[@R19]^ A group of researchers suggested that the increased leukocyte count might be due to nicotine-induced release of catecholamines, resulting in an increase in blood lymphocyte counts. In addition, the irritant effect of cigarette smoke on respiratory tree with resultant inflammation might be a contributory factor for higher WBC count. Also, it has been suggested that inflammatory stimulation of the bronchial tract induces an increase in inflammatory markers in the blood circulation.^[@R20]^ Another study showed that nicotine increased soluble Kit ligand, consistent with stem cell activation, followed by increase WBC count.^[@R21]^ The high WBC count may be a marker of smoking-induced tissue damage, and can be a risk factor for development of cardiovascular diseases through multiple pathologic mechanisms such as mediate inflammation, plug the microvasculature, induce hypercoagulability and promote infarct expansion.^[@R22],\ [@R23]^

The results indicated that RBC count values were significantly high in WP smoking (P=0.001). Elevated levels of Hb and Hct are correlated with increased numbers or sizes of RBCs (P=0.011). A normal carbon monoxide (CO) level in the blood stream is less than 8 PPM. A person that smokes one or two pack of cigarettes per day raises a blood CO level to 20 PPM. When a smoker stops smoking, the CO level in their blood stream typically returns to normal level within a few days ([www.carbon-monoxide-survivor.com](www.carbon-monoxide-survivor.com)). Hakim et al. compared the acute effects of a single 30-min session of WP smoking on concentration of carboxyhemoglobin (COHb) before and after smoking. The survey showed that COHb concentration significantly increased after WP smoking (1.47% ± 0.57% to 9.47% ± 5.52%).^[@R24]^ COHb is the molecule formed from the combination of CO and hemoglobin The affinity of Co is 200-fold more than O2 to Hb.^[@R25]^ Thus, CO displaces oxygen from Hb in RBC to produce COHb, which reduces the transfer of oxygen to tissues.^[@R26]^ When body tissues do not receive a continuous and adequate supply of oxygen, they starve and begin to suffocate, malfunction, and finally die. Oxygen affects RBC membranes because they have more polyunsaturated fatty acids than other body tissues. Cigarette smoke increased 2, 2'-azo-bis-(2-amidinopropane) dihydrochloride-induced erythrocyte hemolysis by 281.7%. Nicotine leads to 13.8% increase in erythrocytes membrane peroxidation at the highest concentration and its effects are dose-dependent.^[@R27]^ The combination of CO in tobacco with effects of nicotine disrupts oxygen delivery to tissue and stimulates the bone marrow to produce more RBCs and thereby increase HCT and Hb. Stopping smoking should cause a slow return to pre-smoking levels.^[@R28]^ In people who smoked WP secondary polycythemia caused by CO poisoning and all blood parameters returned to normal ranges within six weeks after stopping smoking.^[@R29]^

Also, our results indicated that Plt count values were reduced between 10-15% in WP smokers compared to non-smokers (P=0.13). This finding is consistent with Narayanrao Gitte's report in which the mean Plt counts were 257,325 and 215,483 per mm3 in 120 male smokers and healthy non-smokers, respectively.^[@R30]^ Tell studied Plt count among Norwegian adolescent population and found that the mean Plt counts for smokers and non-smokers were 300,000 and 275,000 per mm3, respectively. The results of Tell study showed that Plt counts were increased in adolescent who started smoking relatively early ages. Elevation of Plt counts in adolescent smokers indicates that these blood components may have an early role in the pathogenesis of arteriosclerosis.^[@R31]^ It has been proposed that fibrinogen links Plt receptors, which are preconditions for Plt aggregation and also promote hypercoagulable state as well as causing endothelial damage, disorganization and dysfunction. Aghaji showed that the Plt counts were higher for the regular WP smokers than non-smokers (P value= 0.0046). WBC count in smokers was slightly higher than non-smokers (P = 0.94).^[@R32]^ Al-Dahr found that there was no significant difference between the Plt count and mean Plt volume in smokers compared to nonsmokers (in control group 278,000 vs WP smoking 306,000 and cigarette smoking 264,000 per mm^3^), but the expression of Plt CD 40 and CD 62 were higher in smokers than non-smokers. Recent evidence indicates that Plt CD62 is rapidly expressed on the surface of activated Plts, where it mediates adhesion of Plts to neutrophils and monocytes. Plt activate and the consequent increased expression of Plt CD62 as direct mediators of vascular inflammation and atherosclerosis. Also, an increased expression of CD40 markers in smoking group may indicate induction of chemokine secretion and up-regulation of adhesion molecules. This process leads to recruitment and extravasation of leukocytes at the site of injury and thereby immediately links homeostasis to the inflammatory system. The increased cardiovascular morbidity and mortality among cigarette smokers is also mediated in part by enhanced Plt reactivity and activation.^[@R33]^ Research has shown that smoking may increase Plt aggregation and cause atherothrombotic cardiovascular events as well as Plt aggregation in patients with ischemic congenital heart disease in an aspirin non-responsive manner.^[@R34]^ A strong correlation has been found between cigarette smoking and atherosclerosis and cardiovascular disease.^[@R35],\ [@R36]^ Potential mechanisms for smoking-induced damage include increased Plt reactivity and agreeability,^[@R34]^ change in lipids and lipoprotein levels,^[@R37],\ [@R38]^ alteration in homeostasis system^[@R39]^ and increased WBC count^[@R40]^ WP smoking is not a safe alternative to cigarettes. The researchers found that the smoke from one simulated WP session produces much more tar (100-fold), nicotine (10-fold), CO (30-fold) and polycyclic aromatic hydrocarbons (2- to 5-fold) than a single cigarette.^[@R41],\ [@R42]^ Estimates of the equivalence between cigarette smoking and WP smoking could vary, where daily 200 puffs of WP are equal to 100 cigarettes. They observed that a 30-min single session of WP Smoking significantly increased the median COHb concentration from 1.4% (1.47% ± 0.56%) to 7.4% (9.49% ± 5.52%) (P \< .001). The post-WP smoking COHb concentration was between 10% and 15% in 10 subjects, 15% to 20% in one subject and more than 20% in three subjects.^[@R24]^

In sum, RBC, Hb, HCT and WBC counts are higher in WP smokers, and these biomarkers might be associated with a greater risk for developing different diseases. Reduction in smoking improves some of these biomarkers. Additional research is necessary to determine which biomarkers are more sensitive to measure improved health and to what extent smoking needs to be reduced to obtain health benefits. We hope that these findings will be used by physicians and public health officials to inform WP tobacco smokers of the risk of tobacco-induced nicotine addiction and cardiovascular disease.
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###### 

Hematologic parameters in different groups \[values are Mean ± SD (range)\]

  Group                  RBC (× 10^6^/mm^3^)    WBC(× 10^3^/mm^3^)   Hb (g/dl)              Hct (%)                  Plt (× 10^3^/mm^3^)
  ---------------------- ---------------------- -------------------- ---------------------- ------------------------ ---------------------
  **Sub- acute**         9.4 ± 0.8 (8.6-10.1)   5.2±2.4(2.9-7.4)     18.4±2.5 (16.1-20.8)   56.6 ± 6.4 (50.7-62.5)   770 ± 199 (586-955)
  **Sub- chronic**       10.1±1.4 (8.7-11.4)    5.9± 1.2 (4.8-6.9)   19.8± 3.1(16.9-22.7)   61.9± 8.4 (54.1-69.7)    787± 206 (597-978)
  **Chronic**            9.8± 0.8 (8.9-10.6)    5.4± 1 (4.4-6.4)     17.1±0.9(16.2-18)      58.9±4.4 (4.2-63.5)      741±128 (607-876)
  **After -Treatment**   8.5±0.4(8.2-8.8)       5.7±1.7(4.6-6.9)     14.6± 0.8(14-15.1)     51.1 ± 2 (49.7-52.4)     916±121 (834-997)
  **Control**            8.8 ± 0.4 (8.6-9)      4.6± 1.8 (3.6-5.6)   15.1±1.3(14.4-15.8)    50.2 ± 2.3 (49-51.4)     838±115 (777-900)
  **P**                  0.001                  0.39                 0.001                  0.001                    0.13
